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Mix Proportion Design of Geopolymer Mortar
for Semi Flexible Pavement

BAO Huiming, TANG Mingfeng, CHI Entao,
YE Tengfei, LU Sunquan

(College of Civil and Construction Engineering, Guilin University of Technology, Guilin 541004, China)

Abstract: With fly ash as the main raw material, slag micro powder as the admixture, water glass (Na, O -
nSi0,) and NaOH as the composite activator, standard sand as fine aggregate, the mix proportion design was
carried out by orthogonal experiment. The influence rules of each factor on the fluidity, setting time, bleeding
rate, compressive strength, flexural strength and shrinkage rate were analyzed by range and variance, and the
semi flexible pavement geopolymer mortar was prepared under normal temperature condition. The test results
show that the water-binder ratio of geopolymer mortar for semi flexible pavement is 0. 45-0. 50, the binder ra-
tio is 0. 2, the substitution rate of slag powder is 0. 3, and the dosage of alkali activator is 0. 14-0. 17.

Keywords: semi flexible pavement; geopolymer mortar; orthogonal parallel test; mix proportion design;

range analysis; variance analysis
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G AR R K (fly ash, TEA Y07 5 48 JL ST 00 95 38 AR BR 2 7D L8 8 0k (slag micro
powder, GBFS, J"" 7 44 A JC i A 0 4K Bk 42 AT A BR 28 D by 0K 8 i B0k 1Y) L 3% 180 AR 43 331 R 293, 496
m’ « kg ' PR B RO A A AN R 1 TR, 3R L w S R AR B T H NaOH () 7R
BRI b B T A R F] S w(NaOH) Z>96 0) ¥ i 31 7K 3 585 QI me 44 I 15 7 £ 398 Ak A RS ) L B8
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Tab.1 Chemical composition of fly ash and slag micro powder %
5 k1 k) w(Si0,)  w(ALO,) w(Ca0) w(Fe,O0;) w(Na,O) w(MgO) w(SO;) w(TiO,)  w(HAh)
1IFA 56. 38 30.18 1. 50 4,32 0. 35 0.28 0.52 1.39 5.08
GBFS 35. 34 18. 23 39.23 0. 34 0.28 2.27 2.52 1.14 0. 65
1.2 W&t #2 IR N & Bk
W R R P RE ) 4 AN E Rk S s Ry Tab. 2 Orthogonal test factor and level
HCA CA S B M 55 80 1 ) LE 49 () 7 OB A AR B o Lk
HEAA (C) o [ 45 Nao O F1 SiO, (5 b Iz ¥ b1 ek 16 B Bk £ o B Tk i A B ¢ D
. - 1 0. 40 0.1 0.1 0.11
K& D). ’
o s o 2 0.45 0.2 0.2 0.14
SR 4 E 3K E SRR R Rl L

R BOR N 2 R, SCHER14-16 13 W] K BEES AR 1.5 If
(AR SIOR foc i B 7 2 PR RE Bl Ja Sl IR B IR A AR 1. 5 A, AU il 45 L st it» An 3k 3 s,
*3 MRV KE A LT

Tab. 3 Mix proportion design of geopolymer mortar

REG T KR AP ICEE A RO R B RIS | IR 5 KR WP IEEE i i O U iR R 8
K1 0.40 0.1 0.1 0.11 K6 0.45 0.3 0.1 0.14
K2 0.40 0.2 0.2 0.14 K7 0.50 0.1 0.3 0.14
K3 0.40 0.3 0.3 0.17 K8 0.50 0.2 0.1 0.17
K4 0.45 0.1 0.2 0.17 K9 0.50 0.3 0.2 0.11
K5 0.45 0.2 0.3 0.11

1.3 &
A3 A i [ A S A S R T M K B B AR AR 2 1. 50T B 100 g JEK BRSO AL3. 9 ¢ NaOH., ]
SRRHIE IR B BT 24 b R AR D R A R i BB IEC G AR O B K T IR OB | IR A ) B
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M MR RE 3 h A HIBKE/NTFETF 3% X050 R T0518 J5 ik T4 R IRl SR S5 A T B IR &
BHO R BT HE 7 d T4 R/DTET 0.30% 3R 560K A TO511 J7 ik ; o BF 2 vk G 2 22 1 % 1 A
BHEREME LR ZE 7 d BRI E AN /N T 15 MPa, Hr 4758 B AN /N F 2 MPa, i 5 R A T0506 J5 .
FEARBRAKHE D51-01— 20198 % 1 220 22 1 6 v B AR FURR ).
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AR b b T 3R 5 b S i 2l B AL L iR, 1w L g I Bl L WD 06 U Bl A 2 4 A A 2
i, B2 9L AT EE s A1, A2, A3 KR KL . 43 5128 0. 40,0. 45,0. 503 B1,B2, B3 R P L,
539124 0.10,0. 20,0. 305C1,C2,C3 Ko ol U ER , 73 512 0.1,0. 2,0, 3;D1,D2,D3 LR IRHUK
Kl /5 0. 11,0. 14,0, 17.
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Fig. 1 Fluidity of geopolymer mortar with Fig. 2 Analysis of range of
different mix proportion initial fluidity

AP T AT K B 0. 4 B9 ZH rh L 30 min B3R 30 B HL ) 46 U S RE WA IR0 o 8 W 3 1 RE
TG I T 3X AT BE I H T AR FE RT3 KR L /N 5 BOK iR B4R B B R T AE $E AT 30 min S5 . K B
5B RE IR A 52 B R 7 AR KA B o3 i T K T o T 25 R BE AL . | B RS B IG5 K3 L K5
K9 7£ 30 min #2587 ShE X2 R OB i 45 0 s | B8O TR o v A L A T 0 BRI ]

1P 2 AT KBS AR 0. 40 #2755 A WS 2= b
F 0. 45 M 2 B AL X B K BB Tab.4 Variance analysis of fluidity
0. 45 AXFF 0. 40, AR 7 sh P e 42 ¥ U5 df  Adj(SS)  Adj(MS) F P WFE
BT 55%. A 2 905. 71 452.86  595.86  0.002 *

e = — C 2 10. 69 5.34 7.03 0.125 -

U L 19 05 22 50 e s ke 4 B, ’

: s - D 2 11. 33 566 7.45 0.118  —
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Fig.3 Setting time of geopolymer mortar with Fig. 4 Analysis of range of
different mix proportion bleeding rate
i 3, &3 ] A o B R R 5 WL Jy 2250

B & 7 38 1 A T A B0 I 4t 2 Tab.5 Variance analysis of initial setting time
K5,K7.,K9 4] #¢ s [a] A0 2 5E i |) ok P 3 di - Adj(SS)  Adj(MS) F P WEE
gekg , HLW)BE 5 &Rk A b 4. A 2 188.7 94.3 1.62 0.382 -

C 2 3700.7 1850.3 31.72 0.031 *

%] 4 & W CFEM 0.1 ’ ) : :

" S 4 R TL ‘EMJ:/?M% D 2 3150.0 1575.0  27.00  0.036  x
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Tab. 6 Variance analysis of bleeding rate

E 3/ df  Adi(SS)  Adi(MS) F P BE

A 2 3.615 2 1.807 6 50. 56 0.019 *

B 2 0.267 7 0.133 8 3. 74 0.262 —

C 2 0.201 2 0.100 6 2.81 0.211 —
12 2 0.0715 0.0358 — — —
At 8 4.155 6 — — — —

# 0. 50 WK FTFF 9200, HAEHEI K BE Ly 0. 45 P £5. T AE 2
AR R KRR A B S O e S » T DA P8 i 8 11 B 2 K A 2% R S 2R 22 T A e R W R T A L
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Fig. 5 Bleeding rate of geopolymer mortar with Fig. 6 Analysis of range of
different mix proportion bleeding rate
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Fig. 7 Analysis of range of compressive strength Fig. 8 Analysis of range of flexural strength
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Tab. 7 Mechanical properties of geopolymer mortar with different mix proportion in 7,28 d
gy R/MPa R, /MPa e R/MPa R,/MPa
7 d 28 d 7 d 28 d 7d 28 d 7d 28 d
K1 6.39 16. 40 2.10 2.61 K6 8.01 19.03 1.70 2.23
K2 18. 60 26.62 2.40 3.22 K7 20. 50 24.95 2.00 2.32
K3 26.90 29. 80 2. 60 4.11 K8 4. 30 6.10 1. 60 1. 40
K4 15. 84 19. 00 2.30 2.81 K9 1. 30 1.72 0. 60 1. 10
K5 25.05 32.30 2. 80 3.68
£ 8 HUEURETT 20T £ BUUTIRE T E T
Tab. 8 Analysis of variance of compressive strength Tab. 9 Analysis of variance of flexural strength
RUE df Adi(SS) Adi(MS)  F P mEWH  RE A Adi(SS) Ad(MS) F P mEM
A 2 132.71 66. 36 5.75 0.148 — A 2 2.0689 1.0344 14.55 0.064 -
C 2 503.00 251.50 21.80 0.044 * B 2 0.9356 0.4678 3.11 0.243 -
D 2 45.69 22.84 1.98 0.336 - C 2 0.4422 0.2211 6.58 0.132 —
T2 2 23.07 11.54 — - — = 2 0.1422 0.0711 - — -
fiF 8 704,47 - - - — Ak 8 3.5889 - - - -

Hi e 8 I AT B A B A 790 700 48 i 0 7 B RE L WS AT 08 . T BB el T R R v Y R TR
TR R TG pH AR (S 22 A K T TR T AR ISR YRR R R R R AR LI
Z 5 RA RN E TP bR A AE 28 d IR & 4B RN 0. 14 M 0. 17, iR iR
JEAT T T W+ AT BE Rty T B R R R BE A5 A 8 B 56 4 0 20 < J B 5 Na il i AR R4 IR 1
525 S kR (H, CO5) R ZE G ) NaCO, Je NaHCO; , 78 18 H7 H 12 05 B0 B FEAK, X
Y5 Barbosa 41 4536 — 8. 500 3 S50 5 A Y00 IR TR 5 RE DR R A 2 RBUY g« i O AR % > K e
PO > B A R 5 i >0 I L, i O Ay 0. 3 BRI A48 4 Dy 0. 14, BT 5 K.

PRI o 5 Wi 3t S 2R 5 0 D S T T o 88 TR 3R 08 S R A < 7K JE B = 0 Bt BBCA X = A0 Ji b = B
RANB R B ICER 0. 3, U B O 0. 14~0. 17, 5Ly s R THLVEME R 2 MPa.

2.5 rdEh Ak R
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BRI A Lt R 3 IR 4 28 d W Aa IR A&l 9 o, [ 9 e MR R s IR R, B
W 47 N2 I S A 22 4 B AT 10 TR
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Fig. 9 28d shrinkage and expansion rate with Fig. 10 analysis of range of early

shrinkage and expansion rate
H B9 AR b R 0 S 2 B I I AP S O J S W A ek 2 1 A X0 il TR P 24 h
JREASE AR B Ry (20 1) CRsk 1 d, 5 B IS w1 ba K X L A B AK A i 35 3X 5 Zhang %7 15 1
(18 3t J5T SR A WD TE TR B Ol 90 V6 I R4 IR BT T 528 ek 1k 19 2 kTR 28 1 4518 — 3.
I 10 AL 2 FR 48 I R 1 d g R e i 52 e DR 2R R i O 3 R R A N 48 e I

different mix proportions of geopolymer mortar
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A i IO S B A 70 1) 48 B 3G T4 K. 3t Hy T SR WD R A W K AR SO 51 kR BN )
ISR 7 ) B 4 W AR FRUR A T AR A o Al S IS 4 38 BE G BT T8 o v E A 14 I T B . X R L IR A
rhOBT R T R A NS BOHORE Y SN AR R TR A TR 4B A B0 R R R R SRR Zr (OH D) 2
PRAE v it BE 2 0 G 8 B8 (Ca® ' L ALY ) ik BB G J 85 F 5 K 3 58 S HL K A 7 W s g A= K Ak 7
C-A-S-H B it — 25 7= A A AR . 28 d AR 28 05 22 40 BT » Ak 10 Biw.
#1028 d W Hi & I7 220
Tab. 10 Analysis of variance of 28d shrinkage rate

K U5 df Adj(SS) Adj(MS) F P B

A 2 0.002 80 0.014 00 35.62 0.027 %

B 2 0. 000 45 0. 000 23 5.65 0.150 —

C 2 0. 000 40 0. 000 20 5.11 0.164 —
12 2 0.000 08 0.000 08 — — —
At 8 0. 003 80 — — — —

1 2% 10 R 5 52 M T 45 25 119 5 2 PR 202 /K E B, T 46 23 B 2 7K e b 1) 800 T 3500 3% AT i s T
JER S0 M FRIP AT TR T B, SRR RN TR B R K VB S FE AR I B T AT 51 R I
T AR AR Bl /) o 0 3R K Ak B 3 6 119 7K 43 6 3l B oA 38 77 A — i 508 19 25 T 225 B PN 0 7 A 1 g ) fiff 28
Bl 22 100 7= A 5% L 7 o B A 8 0 1 3 e ™ 2 — I AR T L AF DA 28 d I S 4 8 10 1 e 4 238 A Ny
0. 08 % , ARz /INF HLIEAH 1Y 0. 30 %.

4 Zig
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2) 5% W) b, 2R 0y 00> S ) 5 B (0] 0 28 e s [) DR 28 R I 2 Sy« 4 3 AR BBOAR 2 > i R R 48 > 0K
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